Low-temperature studies of the sarcoplasmic reticulum calcium pump. Mechanisms of calcium binding.
The mechanism of the sarcoplasmic reticulum Ca2+-ATPase was investigated at low temperatures (0 to -12 degrees C). Transient states of the enzyme were studied by two complementary techniques: intrinsic protein fluorescence and rapid filtration on Millipore filters. Intrinsic fluorescence was used to distinguish conformational states of the protein and to evaluate the rate of conversion between these states. Filtrations were used to measure the evolution of the active sites during the transition; the time resolution was 2-5 s. At sub-zero temperatures this time is shorter than the lifetime of most of the enzymatic states which have been detected. In this paper the mechanism of Ca2+ binding to the protein is investigated in the absence of nucleotides. Two basic experiments are described; (1) Kinetics of calcium binding and dissociation over a wide range of calcium concentration. (2) Kinetics of calcium exchange (45Ca2+ in equilibrium 40Ca2+) at constant concentration. The results obtained in the first series of experiments are consistent with a sequential binding to two interacting Ca2+ binding sites. Calcium ions have very fast access to a site with low apparent affinity (Kd approximately 25 microM). Occupation of this site induces a slow conformational change which increased its apparent affinity and reveals a second site of high apparent affinity. At equilibrium the two sites are not equivalent in terms of rate of exchange. Two different rates were detected k fast greater than 0.2 s-1, k slow approximately 0.015 s-1 at -10 degrees C. Removal of Ca2+ from the fast exchanging site by addition of EGTA accelerates the rate of release of the slow exchanging one. A model is proposed with two interacting Ca2+-binding sites. A set of parameters has been obtained which produces correctly the Ca2+-binding curve and the fluorescence level at equilibrium as well as the rate constants of the calcium-induced fluorescence changes over a very wide range of Ca2+ concentrations (0.02 to 150 microM). The non-equivalence of the two classes of site and the meaning of the initial low-affinity binding are discussed.